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Chapter 1
 

INTRODUCT ION
 

1.1 	 Background
 

On 11 March 1981 the WASH office received Order of Technical
 
Direction (OTD) No. 31 from the USAID Office of Health (see Ap­
pendix A). The OTD was issued in response to requests from the 
USAID Mission in Jordan for assistance in developing wastewater
 
treatement guidelines. 

WASH 	 consultant Harris F. Seidel visited Jordan from 'March 
22 to April 6, 1981, during which tine he reviewed preliminary
 
engineering reports for three large ;,2w131A,' projects, partici­
pated in a roundtable conferen:!e, visited the major population 
centers, and drafted guidelines for wastewater treatement prac­
tice 	appropriate to Jordan.
 

1.2 	 Scope of Work
 

The following was the Scope of Work to be undertaken under 
OTD 31: 

"(a) 	The consultant will review and evaluate the feasibility
 
studies and designs for all wastewater treatment plants
 
and processes under consideration by the Government of
 
Jordan (GOJ) in a general way for appropriateness to
 
Jordan. In addition to first cost, special attention
 
will be devoted to ease antl cosit of op,rat.ion and main­
tenance in Jordan. These wouldl include Irbid, Aqaba, 
Zarqa, Ruseifa and the plants being recommended in the 
feasibility studies for Greater Arnmnri and nine smaller 
towns; 

"(b) 	 He will develop the basis for guidelines by participat­
ing in a roundtable confertice with Jordanians and con­
sultants selected and invited by the National Planning 
Council (NPC);
 

"(c) 	 He will prepare an outline of the guidelines to be re­
commended for NPC ,',o,,ew and comments. The consultant 
shal., then prepare a final report containing recorn:nen­
daticns. Th.: recommendations shall be t,upported by ob­
servations and information pertinent to Jordan and its 
condi tions." 



Chapter 2
 

GENERAL RECOMMENDATIONS
 

2.1 General Concepts
 

1. 	 These are intended to be guideiines, not standards, for
 
all of Jordan.
 

2. 	 It is not considered appropriate to try to s, t any
 
fixed rale ,) r target for wastewater treatment such as 
"secondary treatment in all cases" or "50:50 effluent 
from 	all plants."
 

3. 	 To set any fixed standard igncres the obligation to 
look at each individual sittuatLon in terms of 

-	 objectives, 
-	 justification, and 
-	 financial capability 

and to make a judgment on the practical balance of hu­
man, natural (vLter), and money resources whizh would 
take full advantage of favorable local conditions. 

4. 	 Jordan has many environmental characteristics which are 
advantageous for wastewater treatment. The warm, sunny 
climate and long, dry sison make oxidatioa ponds and 
sludge drying beds attractive. These are low-energy,
 
non-mechanical treatment methods. Also, the topography,
 
scope, and location of most cities on high ground pro­
vide the chance to use gravity flow methods and save
 
pumping costs.
 

5. 	 Simpler technology is highly recommended. Simple treat­
ment process are usually ,asier to understand and con­
trol, are reliable, and have lower operating costs.
 
Even at somewhat higher unit costs, a plant that works
 
is worth two that do not.
 

2.2 	 Degree of Treatment
 

1. 	 Primary treatment is a "given." 

2. 	 Conventional secondary treatment (approx. 85"a + remov­
al) should be justified in each case where it is used. 
Why is it needed? Is secondary treatment needed rit the 
start, or can it be added at a later stage? Is tnere at
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least a general judgment that the benefit/cost balance
 
is favorable?
 

3. 	 Advanced secondary treatment (approx. 90-95% + removal)
 
should be subject to rigorous evaluation as to need and
 
benefit. In this performance rango, each additional 
percent of removal costs much more than the one just
 
before!
 

4. 	 Tertiary or advanced wastewater treatment are not re­
commended at this time. "Super-treatment," such as fil­
tering and various sophisticated physical-chemical 
methods, should b, left as a challenge for the next 
generation. 

2.3 	 Wastewater Treatment Sequence--A Summary
 

1. 	 First, look at the possibility of ponds. 

2. 	 For a small city, the historic Imhoff tank may be ap­
propriate with trickling filter for secondary treat­
ment. Sludge digestion is inicluded in the tank.
 

3. 	 The trickling filter now (again) has important advan­
tages over activated sludge.
 

4. 	 Very high performance is possible with the coupled pro­
cess 	 (trickling filter-activated sludge). If the ini­
tial 	design of a trickling filter plant leaves room for
 
it, the later addition of activated sludge can be a 
beautiful example of staging.
 

5. 	 Effluent aeration is fine if done by gravity cascade 
but not worth the exp, n1se of mechnical aeration. 

6. 	 Effluent chlorination is costly and is generally inef­
fective. Unless the effluent has been treated to reuse 
standards, chlorination can give a false sense of se­
curity. 

2.4 	 Solids Handling Sequence--A Summary
 

1. 	 Avoid producing sludge if possible, This can be trans­
lated as: Look at ponds first. 

2. 	 Avoid sludge thickening if possible; waste activated 
sludge usually requires thickening; trickling filter 
sludge usually does not. 
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3. 	 Anaerobic digestion has a great advantage over aerobic
 
digestion at current power costs.
 

4. 	 Except fo" small plants, digesters should always be
 
provided in two stages for flexibility and better con­
trol of digestion.
 

5. 	 Provide open sldge drying beds if possible; sludge
 
storage ponds can be used as a wet season backup.
 

6. 	 Methane gas produced by the sludge digestion ha-3 value
 
for plant heating needs.
 

7. 	 The use of methane gas for ot-site power generation is
 
practical and economically tttractive in larger plants.
 

8. 	 Sludge is a resource which should be returne, to the
 
land. Its fertilizer value is small, but it is a valu­
able soil conditioner.
 

2.5 	 Appropriate Technology
 

In the March 1981 issue of Civil Engineering - ASCE, Francis
 
Montanari emphasize-l the importance of using methods and systems
 
that best fit local situations. Appropriate technology is cost 
effective; it is sinpie enough so that th.- system can be built, 
operated, and mai,|taiibI Uy local people who already have the 
necessary skills. 

This does not require inventing new technology nor does it 
mean returning to primitive, out-dated methods. Rather, Monta­
nari describes it as "innovative applications of proven tech­
nology." Another way of putting it is: " Keep it simple." 

2.5.1 Trickling Filters and Activated Sludge
 

For a studei;; or the history of wastewater treatment the
 
story of thels two methods is a gold mine. The pendulum of
 
development and popu]arity has alternated betwee, them. The
 
chronology goes somethin Ik, this:
 

1900 	+ - Invention of the trickling filter 

1914 	 - Invention of the activated sludge proc(ss 

1936 - Development of the high-rate tricklinj 
filter--a genuine "break-through" 
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1950's, 1960's - Development of many advanced methods of
 
activated sludge, eclipsing the trickling
 
filter
 

1970's - New plastic filter media and rising en­
ergy costs for aoration have turned the 
spotlLght back to the trickling filter.
 

1980's - The, most interesting recent development 
has been the trickling filter-activated 
sludge "coupled system" which can produce 
higher efficiencies than either process 
alone. 

The modern trickling filter (or oxidation tower) now has im­

portant advantages.
 

- It is simple because it just keeps on woring. 

- Power cost are low because power is used only for 
puiping/recirculation. 

- The sludge is much easier to deal with. 

- Plant effluent usually has a good dissolvvl oxygen 
level. 

Disadvanta-es are that the effluent ,1ii:tlity i-3 not as good 
as can be obtained from conventional activated sludge and the 
reduced efficiency caused by low winter temperatures (which are 
not that low in Jordan).
 

2.5.2 Project Staging 

Successful management of a water pollution control program
 
involves balancing many factors including:
 

- money 
- population with access to water supply and load 

growth 
- finances 
- need for treatment; effect on receiving stream 
- capital and operating funds 
- plant operation skills levels 

When it L- not possible to do everything for everyone at 
once project staging becomes important. In soine situations pri­
mary trieatinent is enough for an initial stage. This may not be 
possible throughout Jordan. However, in many cases conventional 
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secondary treatment should be adequate3 for a first-stage pro­
ject. 

It is interesting that the tricklLng filter-activated sludge 
process is ideally suited for this; trickling filters will pro­
vide good secondary treatment, and the activat.f, sidmge addition 
can come later as needed. The best way to summarize the staging
approach is to use the familiar example of first we crawl, then 
walk, then run; eventually, we are ready for the Olympics.
 

2.5.3 Water Conservation via Toilet Technology
 

The introduction of modern sanitation systers usually brings
with it the indoor flush toilet, where it does not already
exist. Where it is already installed its use tends to increase.
 
Sewers, therefore, result in higher water use if the water is 
available -- sometimes dramatically higher water us3. 

In the western world the flush toilet tyically uses 20-25 
liters per flushing. Studies indicate that this amounts to 40 
percent or more of total domestic water use. Campaigns have 
begun to reduce this amount. For example, New York State has 
recently enacted a law requiring that all new flush toilets 
installed after a certain date must be designed with a limit of
 
approximately 12 liters per flushing. Perhaps the Government of
 
Jordan can take control and m[iftLain control of such aspects of 
water use at this early stage in sewerage development.
 

It is worth noting that every liter not flushed to the sewer
 
(and treated) does not have to be pumped from a water source in 
the first place. It also represents an electric power saving all
 
the way through the water supply/wastewater treatment chain.
 

2.6 A Decision Sequence fol Wastewater Treatment
 

"There are no simple solutions--only intelligent choices."
 

Choice No. 1: Are sewers necessary? Is the cesspool system

functioning adequately? Is the groundwater supply being pol­
luted? Can the existing system be improved enough to provide ad­
equate public health protection? Building a sewer system may 
simply move a problem from the city to some noint downstream.
 

Choice No. 2: Is treatment necessary? From the standpoLnt
of decency and w:Lter resource pr'tection, the answer in Jordan 
today appears to be: "Yes, at least primary treatment is nec­
essary." 
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Choice No. 3: Is primary treatment adequate (35%/65'+)?
What are the benefits of more than primary treatment? To whom or 
to what? ',hat is the natural recovery ability of the receiving 
stream or wa(i , and what use will be .n'.Ie of the water? Is pri­
mary treatment an intel ignt first stage, fol low,#,I hy f'urther 
treatment when the load increases or when justified by stream 
use?
 

Primary treatment alternatives
 

Oxidation ponds (yes, this is more than primary
 
treatment) 

- lIheff tank with sludge drying beds 
- Conventional primary treatment; screen/grit/pri­

mary setting/sludge treatment 

Choice No. 4: Is secondary treatment adequate (85%+)?
 
Westewaters in Jordan Are now very strong, in the range of 800 
to 1,000 mg/I BOD and suspended solids. This metns that a re­
,luction of 85 percent can still leave was of 120 to 150 mg/l 
discha,'ging fro)m secondary troatn.fnt facilities. Clearly, this 
raises questions about the need for even more treatment. 

Again, what are the benefits? To whom or what? At the very
least, there should be a time lag or stalring period to allow 
observation of secondary treatment performance and downst.-eam 
conditions. The financial side of st'n, iust also be consid­
ered when venturing into higher degrees of treatment. Costs 
increase very ra 1 idly for advanced treatment while benefits may 
not. 

Secondary treatment alternatives
 

- Oxidation ponds, various combinations 
- lmhoff tank followed by trickling filter 
- Conv(ntional secondary treatment; screen/grit/pri­

mary settling/biological process/secondary settl­
ing/sludge treatment. The biological process can 
be activated sludge or trickling filters; both 
have many variations of load, staging, recircula­
tion, media, aeration, etc.
 
Rotating bio discs 

Choice No. 5: Is advanced secondary treatment necessary
(90-957+)? The" same quesLons should be asked but with even more 
rigorous staLdatrds of justification. In this range, capital an, 
operating costs rise with every additional percent of treatment 
efficiency. Will the benefits increase proportionately? 
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Advanced secondary treatment alternatives
 

- Oxidation ponds with long storage capacity 
- Extended aeration; usually 24 hour detention time
 
- Oxidation ditches; the "race-track" system 
- Conventional activated slutige systems with very 

long aeration times 
- The coupled system, trickling filter-activated 

sludge, which is well adapted to stagiiag and has 
very high performance potential 

2.7 A Decision Sequence For Solids Handling
 

Solids handling is the mosc un:1,-irrated part of the treatment 
process. The co-3t of dealing with sludge can be fully half of 
the total pro,-.ess cost, and the prol],-tis in solids handling can 
far outweigh all others combined. The main problem with sludge
is that, just like statistics, once you collect it, you have to 
do something with it. 

Choice No. 1: Can sludge production be avoided? Yes, by
staying with oxidation ponds whet-vevr and as long as possible.
Even though sludge may have to be re2moved at long i tnervals, it 
is well digested and stablized.
 

Choice No. 2: Can digesters be avoided? Yes, but at a price.

Extended aeration and the oxidation ditch produce sludge which
 
has already received aerobic digestion. That sludge can be set­
tled, thickened, and dewatered, if necessary, for final dis­
posal. The historic Imhoff tank includes a digestion compartment
 
as a lover stcry within the tank structure. 

Choice No. 3: Should the methane gas be used for on-site 
power generation? Yes, no, and maybe, depending on many fac­
tors. Power generation requires 24-hour attendance at the plant
and sufficient technic;Ll competence of the maintenance staff. An 
auxiliary fuel supply is needed as well as an outside power 
connection for backup.
 

As a very general r~ile of th, ib, a power gupply for a popu­
lation of 100,000 should easily justify power generation at pre­
sent energy costs. It might be more practical to defer generat­
ing equipment until sufficient gas is actually available rather
 
than include it in the initial plant construiction. 

Choice No. 4: Can sludge drying beds te used? Where space

is available, sludge drying beds should be a very practical and 
economical solution in Jordan's climate. The mechanical sludge
dewatering procesc r- res and andnormally -. power chenicals 
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produces a potent filtrate liquor which must be returned to the 
wastewater stream at some point. Drying beds fit the framework
 
of appropriate tociinology. 

Choice No. 5: Can the sludge be returned to the land? 
Sludge has only a small fertilizer value (less, if digested) in 
terms of N-P--K. However, it is valuable as 
a soil conditioner
 
and soil builder. It helps to open up tight clay soils and will
 
improve the moisture retention of sandy soils. If landfilled or
 
burned, there is no recovery of this useful resource. Composting
 
with other solid wastes has been technically successful but too
 
costly to be practical.
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Chapter 3
 

GREATER AMMAN SEWAGE TREATMENT PRELIMINARY STUDY
 

3.1 Scope and Summary
 

The following co:.m-nts and suggestions are made after brief 
review of the Daniel, .1ann, Johnson and Mendenhall and Ja,,as 4. 
'.'on tey reports available and a visit to th:. AinL-J.:/DMJ.) 
Ghaz:il treatment plant. Proposed locations of the Suburban 
Projects were not visited in the limited time available. 

For Ain Ghazal, it app3?Lrs L!t~ the consulting engireer has 
done a competent, piofessional job of preparing alternatives. 
Expanding an exiting treatment plant is always more difficult 
and challenging than planning a completely new facility. This is 
especially true when the site is as severely limited in size a:.d 
shape as this one.
 

Of the two principal alternatives, Montgomery recommends 
conventi )rl activated sludge (AS) for cost reasons. However, 
the report does recognize the advantages of the trickling fil­
ter-activated sludge (TF-AS) method. Among these advantages are 
the ability to absorb sudden changes in load and lower power 
cost. This r~viewer' suggests another look it the TF-AS process 
in light of new information. If the cost comparison is then 
reasonably close, the TF-AS Llt,)onative should have top ranking 
as the most appropriate.
 

Of the eig1it Suburban Projects, four are planned as total 
containment ponds; and four are activated sludge variations. The
 
latter were selected in preference over the alternative of lined
 
total containment faculative ponds -- an alternative recognized 
to require large land areas. Here again reconsideration of other
 
methods is suggested, including pond alternatives which would 
require far less land and which would be designed for effluent 
discharge.
 

3.2 Ain Ghazal Treatment Plant Design Criteria
 

Montgomery cites the following requirements for a treatment 
process: 

- provides a high qutl:ity secondary effluent 
- minimizes --nergy consumption 

allows space at the agtp site for potential future in 
creases in the quality of treatment 
provides a system which is relatively simple to operate 
and maintain 
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These cri.teria ace considered to be well chosen, well stated,
and appropriate for this study. The consultant has done a com­
mendable job of applying them in developing proposals for ex­
pansion of this very limited plant site. 

3.3 TA1 - Conventional Activated Sludge
 

This design Soncept is based on the "ultimate" flow projec­
tion of 9G,000 m /day at this 3Lte in the year 2000. The dcsign
is som--viAt conservative in that !0 to 15 hours aeration time is 
provided. Five hours final settling time is provided because of 
the lighL, fluffy -oLds to be removed at this site. The report
also makes upecial note of t'V, need to maintain a high solids 
content in the aeration tanks bocause of the unusual strength of 
the waste bing Lreated. 
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Chapter 4
 

IRBID SEWAGE TREATMENT PLANT PRELIMINARY DESIGN
 

4.1 Scope and Summary
 

These comments are provided after a brief review of the Wes­
ton International reports on the Irbid project but without any 
discussion with Weston personnel.
 

In the initial project reports wesLon evaluated five mechan­
ical treatment plant alternatives and four pond treatment alter­
natives at four possible sites. Project staff came away con­
vinced that extended aeration was the answer and held to this 
decision even after restudy with adjusted power rates, one of 
the key factors in thi', choice was the initial decision to de­
sign a final effluent standard of 30 mg/1 BOD and 30 mg/1 sus­
pended solids, a plant efficiency of 96+%
 

The choice of extended aeration is not appropriate in this 
instance. It is not a particularly complex process, bat neither 
is it simple. Power use is very high. It would be very difficult
 
to justify the use of this proc.,-;s for this large a plant. In 
current vernacular it is simply not "appropriate technology."
 

The pre-set goal of 30:30 effluent is also inappropriate.

Although it is a very desirable long-term objective under 
present conditions the principal beneficiary would be the Wadi
 
Arab, at high cost.
 

Specific recommendations are as follows:
 

Take a second serious look at ponds. This should pre­
ferably be by someone who thoroughly understands ponds.
 

If ponds are finally judged to be impractical for
 
irbid, turn to conventional mechanical treatment. The 
trickling filter type of plant would appear to be most
 
practical. It should be designed for addition of acti­
vated sludge later to achieve higher performance.
 

4.2 Weston Preliminary Reports
 

4.2.1 Initial Alternatives
 

In Weston's preliminary reports (March, August, and November
 
1980 and January 1981), five types of essentially mechanical 
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treatment plants were evaluated. For these, priiiary considera­
tion was given to site one, adjacent to the municipal slaughter
 
house on the northwest side of Irbid. Those alternatives were 
identified as mediuam technology (MT).
 

Considration was also given to four types of oxidation pond
 
treatment. For these types pri7:iary consideration was given to 
site three, a sloping area of open fields approximately one 
kilometer north of site one. these alternatives were identified 
as low technology (LT). In either case, discharge of treated 
effluent would lh, to 1d,,i Hamam, which in turn enters wadi el 
arab several kilometers downstream. 

4.2.2 Mechanical Plants 

Extended aeration was initially recommended as the least 
cost alternative able to 'feet the high quality of effluent stan­
dard (30:30). Simplicity of the process was also given as a jus­
tification for this choi.c.e. 

Exenied aeration is only partly "simple." It can be 
considered a "no-decision" procss since the waste is simply
held, mixed and aerated for 24 hours in an apparent effort to 
wear it out. Organic matter is stabilized and solids receive 
aerobic digestion in the aeration tanks. However, power use is 
very high and usually the operator has no choice but to run the 
equipment continuously. Equipment maintenance and sludge 
handling from the process are not simple. 

The January 1981 restudy of the initial and several new me­
chanical treatment alternantives took into account the new power
 
costs. This restudy showed thatL ext.~i-I-ed aeration is no longer 
the least cost alternative on a total annual cost basis. On a 
cumulative presi-nt worth basis, it is in fact now the highest 
cost alternative, still based on the 30:30 effluent standard. 
However, Weston Lolds to the recommendation of extended aera­
tion, based on efflivit lu-tlity and suggests a power subsidy to 
offset its high co-.'t. 

Ponsl 

The reports available provided very little information on 
the pond proposals. No design cri.Loria were given, except for 
the facultative ponds, LT-1. Therefore no judgment can be made 
on land areas specified for the other pond alternatives.
 

In some respects the pond alternatives appear to be over­
designed and over-costed. Capital and power costs for aeration 
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appear unreasonably high. LT-3 is followed by slow sand filters.
 
LT-5 and -7 are provided with final clarification and sludge
drying beds. In fact, the estimated drying bed costs are 75 
percent of those for the mechanical plants. Labor cosks for the 
ponds are also generally about 75 percent of those for t'.3 ,a,.­
chanical plants which is incrodibl,. 

The January 1981 restudy with new power rates indicates that 
LT-3 (ana:erobic/aerobic ponds) is a-pproximately equal in cost to 
extended aeration. However, when population figures for Irbid 
were revised downward to 74 percent of earlier estimates, pond 
land 	 areas and costs were never adjiet-d accordingly. Such an 
adjustment for LT-3, for example, would mean 0.5 million Jor­
danian Dinars less for land purchase and lower total annual
 
costs.
 

Even 	in the weston approach a pond method now becomes the
 
least cost alternative after all these adjustments are made. 
This conclusion does not dictate that a por- shall be built for
 
Irbid. However, it finally does confirm the conventional wisdom
 
that a pond will always cost less than a mechanical plant. To
 
,lisprove this contention would require some strange circum­
5,iLlnces. 

4.3 	 Current Status
 

4.3.1 Choices Now
 

Where to go from here? That is the question. The following 
two alternatives are suggested in order of choice.
 

1. 	 Turn back and take a serious careful second look at
 
ponds.
 

2. 	 If ponds are then finally judged to be impractical,
 
proceed with a mechnical treatment plant other than 
extended aeration.
 

4.3.2 The Pond Approach
 

One approach could be to purchase the proposed sito one, 
construct a pumping station there, then also purchase 20 to 30 
hectares at site three and begin construction of a pond system

there. Here is where imagination and ingenuity could enter in.
 

Construction couli begin with anaerobic cells, followed by
facultative ponds, in series for best results. As the population
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load increased additional ponds and aerators could be added,

drawi-nr on experience gained in actual operation. The slope of 
the site would lend itself to constru.ti i of a series of ponds 
at decr-!asing elevations.
 

How large a poplation might such a system serve? By the Wes­
ton analysis a population of 265,000 could be serv:ed by an an­
aerobic/aerated pond system requiriing 20 hectares in total area.
 
This may be beyond the practical limits of ponds for irbid, but
 
it does provide soine perspective on cap;f,:[ty of this method. 

Later, when ponds are no longer the answer, a mechanical 
treatment plant can be built on site one (already owned) and 
the pond area can be converted at moderate cost for sludge dry­
ing beds just as proposed in the westnn plans for development of 
site one. If sludge drying beds are out of style when that hap­
pens, site three can be sold for other development -- probably 
at a handsome profit! 

4.3.3 The Mechanical Approach
 

This approach would involve purchasing site one for a con­
ventional mechanical plant and purchasing needed land north of 
Wadi Hamam for sluidge drying beds as proposed by Weston. 

The plant design should be as simple and reliable as possi­
ble. Emphasis should also be placed on low energy requirements
and low overall operating costs. These criteria are bost satis­
fied by ,i.:v titernative six in the Weston restudy dated January
1981. It is suggested ti.L, the activated sludge step shown be 
deferred until cleverly justified. Obviously the initial plant 
design should provide space and hydraulic room for including
 
activated sludge process later.
 

The plant design concept would then consist of prelir.inary
 
treatment, primary clarifiers, trickling filters, final clari­
fiers and discharge. Slud-,e would be pumped to two-stage 
anerobic digesters, followe r* by open drying beds. Sludge thicke­
ning should not be necessary. Cascade re-aeration could be pro­
vided if hydiraulics permit; mechnical re-aeration could not be 
justified. Note that the gas engi!I"-g.nerati)r installation is 
also deferred until the load builds up enough to justify on-site 
power generation.
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Chapter 5
 

ZARQA SEWAGE TREATMENT PLANT PRELIMINARY DESIGN
 

5.1 Scope and Summary
 

The following comments are the result of a rather brief 
,,dy of the preliminary reports and design calculations for the 

_x, t plant followed by the meeting with MPI representatives and
 
NPC staff on March 31 for more detailed discussion of the design
 
concept.
 

As an overall judgment the design concept is considered to
 
be good. The unit treatment process methods used are well-proven
 
and established. None would be considered very complex or sensi­
tive. Operating control should be relatively simple. Staffing
 
requirement will be reasonable and power costs relatively low.
 
Good use is made of the advantages of climate and slope of the
 
site. The use of methane gas for power generation is strongly 
encouraged and should provide a good Financial return. The me­
chanical and electrical equipment for this energy recovery, and
 
in the rest of the plant should be well within the capability of
 
local technical taleit to operate and maintain properly.
 

It is specifically recommended that:
 

- chlorination be entirely eliminated 
- the size of sludge drying beds (individual beds, not 

total area) be reduced 
- there be an outside power connection for standby power 
- MPI be requested to take another look at depth of the 

trickling filter towers 
- GOJ insist on adequate piping to provide operating 

flexibility rather than the rigid isolated "train" 
system first proposed by MPI. 

5.2 General Aspects
 

5.2.1 Site Space
 

This site had good location and topography. If the 28 
hectares are purchased as proposed, there will be plenty of 
space for sludge drying beds up to the year 2000. After that,
additional treatment structures can be placed in the sludge 
drying area which would be sufficient to meet projected
 
population and industrial growth up to the year'2020.
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5.2.2 Staging or Phasing
 

The initial construction will consist of two each of the
 
principal treatment elements. A third unit of each can be added
 
as needed then a fourth, fifth, etc. this approach makes good
 
sense from the financial as well as operating standpoint.
 

5.2.3 Flexibility
 

The design concept is based on separation of the plant units
 
into individual "trains" (primary clarifier, trickling filter,
 
secondary clarifier) in such a way that if one of the units in a
 
train is out :ervice, the entire train is out of service. More­
over, there is no provision for cross-over" between trains.
 
This lack of any flexibility will create an operating problem
 
and will result in serious shoz.k loads on the Zarqa River every
 
time any unit has to be taken out of service. The consulting en­
gineer MPI has agreed to revise the design to provide soine addi­
tional piping and flexibility.
 

5.2.4 Hydraulics
 

Complete gravity flow-through is not possible at this site,
 
and pumping to the trickling filters is a necessity. One point

which was overlooked during the discussion on March 31 is the
 
relative setting of the filters. It appears that they could be
 
placed several meters higher in elevation. This modification
 
would in turn provide several meters additional fall at the
 
effluent end of the plant for cascade aeration if desired.
 

5.3 Liquid Flow Sequence
 

Screens
 

The design is considered appropriate and no comment is of­
fered.
 

Grit Removal
 

The design is considered appropriate and no comment is of­
fered-­
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Flow Metering
 

A single master flow metering channel such as a Parshall
 
Flume could be provided somewhere ahead of the primary clarifi­
ers. Such a channel is proposed for measuring plant effluent
 
discharging to the stream. Either one is acceptable.
 

Pre-chlorination
 

Very little, if anything, will be accomplished by this
 
technique and it should be eliminated.
 

Oil and Grease Removal
 

This step was not included in the original design concept.
 
however, based on experience and observation at Ain Ghazal, MPI
 
has decided to provide an oil skim-iming and removal arrangement
 
ahead of the primary clarifiers.
 

Primary Clarifiers
 

The primary clarifiers are designed rather conservatively.
 
That is, they are somewhat larger than might be necessary. This
 
is not a crime. One reason was so that the primary and secondary
 
clarifiers could be essentially alike for economy of construc­
tion and conformity of equipment. One way to take advantage of
 
this would be to omit the primary clarifier when the third
 
treatment train is added. The resulting settling time of approx­
imately 1-1/2 hours should provide enough primary removal ahead
 
of the more efficient biological treatment step.
 

Trickling Filters
 

A long discussion on this subject yielded no result. MPI
 
remains adamant that the proposed design depth of 36 feet for
 
the plastic media tower is the least cost design. However, MPI
 
recognized that the ju,;tification is highly theoretical and only
 
actual operating experience will yield the answer. The 36 feet
 
depth is pushing formula too far, and a safer depth would be
 
perhaps 30 feet. This depth would require more media volume and
 
more recirculation (by the formula) but six feet less pumping
 
head forever after. However, it is also recognized that only
 
operating experience will yield the answer.
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Second Clarifier
 

The design is considered appropriate and no comment is of­
fered.
 

Post-chlorination
 

Chlorination of sewage effluent of this strength is very
 
costly and cannot be really effective because of the amnronia and
 
solids contents of the effluent. Another aspect is the delusion
 
that something is being done to guarantee the health of all
 
downstream water users and lettuce lovers. Actually this objec­
tive will not be achieved. For all these reasons, chlorination
 
should be eliminated from the design.
 

Aeration
 

Design proposals have included either cascade or mechanical
 
aeration, depending on how much elevation remained available at
 
the effluent end of the plant. Cascade aeration is encouraged if
 
possible (see comment on Hydraulics). However, the cost of me­
chanical aeration is definitely not justified by the small tem­
porary gain in dissolved oxygen and this should be eliminpted
 
from consideration.
 

5.4 Solids handling Sequence
 

Primary Digesters
 

The design is considered appropriate. This reviewer commends
 
MPI for providing a ground-level side access manhole for easier
 
entry and cleaning the digesters, both primary and secondary.
 
One important addition to the mixing system proposed would be a
 
time clock control of the external mixing so that pumping could
 
be intermittent, with a saving in power.
 

Secondary Digesters
 

The design is considered appropriate and no comment is of­
fered.
 

Supernatant
 

Digester supernatant is a very strong waste in itself. The
 
design proposes returning it to the pumping wells for direct
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application to the trickling filters. It would be preferable to 
have a side treatment system for the supernatant before it is 
returned to the main flow sequence. However, this can be added 
later depending on actual operating experience. 

Sludge Drying Beds
 

The drying beds proposed are far too large, not in total
 
area but individually. The s]udge draw-off to 5ill one bed of 
122 m % 15 mn area would be approximately 570 m , which is too 
much to draw from a digester at one time. Also the entire sludge 
drying and dispos-il operation will be much more flexible and 
convenient with perhaps four to five times as many smaller beds. 

Electric Power
 

The design concept calls for complete power self-suffici­
ency, isolated from the electric power authority. Power was to 
be provided solely by one of two dual-fuel diesel engine-genera­
tor sets. After discussion MPI agreed to review the physical and
 
economic aspects of an outside power connection as the standby,
 
rather than additional engine-generator capacity. The outside 
power connection is strongly recommended as well as negotiations 
toward eventual synchronized on-line service through which the 
treatment plant could deliver excess energy to the power au­
thority. There is no question that power generation from methane 
gas will be financially attractive. The most efficient operation 
could probably be achieved by inst!!Ljng two smaller units (such 
as one 150 kilowatt and one 299 kilowatt) rather than one 350
 
kilowatt engine-generation set initially.
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APPENDIX A 
Camp, 	 Dresse &McKee, In. 

WASM PROJECT 

MAR 	111981 
HEMORANDUIf 	 March 11. 1981 

Water and Sanitation for Health (WASH) Project
 
Order of Technical Direction (OTD) Number 31
 

TO: 	 Hr. James Arbuthnot, P.E.
 
WASH Contract Project Director
 

FROM: 	 Mr. Victor W.R. Wehnan, Jr., P.E., R.S.
 
AID WASH Project .Manager
 

SUBJECT: 	 Provision of Technical Assistance Under WASH Project Scope of Work
 
for USAID/Jordan
 

REFS: 	 A) Memo Mohn/Arbuthnot, 23 Feb 81
 
B) Amman 1269, 19 Feb 81
 
C) State 40927, 18 Feb 81
 
D) 	Memo Arbuthnot/Mohn, 3 Feb 81
 
E) State 24987, 31 Jan 81
 
F) Amman 00594, 26 Jan 81
 
G) Amman 08393, 18 Dec 81
 
H) Amman 08230, 11 Dec 81
 

I. 	WASH Contractor requested to provide technical assistance to USAID/Jordan 
as per Ref. _'and Ref. B. 

2. 	WASH Contractor/sub-contractor/consultants authorized to expend tip to 33
 
person days efforts over a three-month period to accomplish thit technical
 
assistance.
 

3. 	Contractor to provide draft final (typed) report to mission be-.ore leaving
 
mission. Final report due DS/HEA and mission with 30 days of consultant
 
leaving Jordan.
 

4. 	Contractor to coordinate directly with USAID/Jordan, with M-. Tom Pearson
 
(See Ref. B); with Jordan AID desk officer (as appropriate,; with NE/PD/ENGR.
 
Mr. Montanar; and with NE/PD Project Officer, Ms. Morn (ds appropriate).
 

5. 	WASH AID Project Manager recommends that WASH Contractor use technical 
assistance personnel recommended by mission and NE/PD/ENGR for this effort. 

6. 	WASH Contractor authorized to allow consultant to make one (1) internatiordl
 
round Lrip into and out of Amman, Jordan to his/her home base throtth
 
Washington, D.C., as appropriate, during the technical assistance effort.
 
Consultant should definitely come to Washington for hrlefinp before
 
consultation and debriefing after consultation.
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7. WASH Contractor authorized up to 29 days international and donestic per 
diem 	to accomplish effort.
 

. ASH Contractor authorized local Jordan travel as necessary to ensure
 
consultant acccnplishes mission.
 

9. 	 WASH Co tractor authorized secretarial services. xerox services, graphic
 
services. and miscellaneous expenses as necessary to accomplish miss:Lon.
 

10. 	 Suppest constiltant periodically phone contractor to report progress aL 
suitable intervals to ensure consultant adequately backstopped in the 
field.
 

11. 	 Mission and coordination points in Washington should be contacted
 
innediately and technica assistance initiated as soon as possible and
 
convenient to USAID/Jordan.
 

12. 	 As this is a team effort involving AID direct-hire staff, nission PSC 
staff and WASH consultants, WASH consultant will report to Mr. Tom Pearson 
(representing client) while in-country or his representative and to WASH 
Project Director whiie in U.S. 

13. 	 Appreciate your pronpt attention to this matter. Good luck.
 

VWW: ja: 3/11/31 

2 
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UNITED STATES GOVERNMENT
 

DATE: February 23, 1980 memorandum 
"MY TO Ade 

AT.'6 OF: NE/PD/SJILO, Andrea Moh.K 

SUBJECT: Consultant for Wastewater Treatment Design Review, Jordan -
Harris Seidel
 

TO: Mr. James Arbuthnot, WASH Project c/o DS/HEA 

Attached:
 

(A) State Cable 040927 of Feb. 18, 1981
 
(B) Amman Cable 01269 of Feb. 19, 1981
 
(C) Anman Cable 00594 of Jan. 26, 1981 
(E) Amman Cable 08393 of Dec. 18, 1980 
(D) Amman Cable 08230 of Dec. 11, 1980
 

The scope of work and schedule for Harris Seidel detailed in reference A
 
were approved by USAID/Amman in reference B. WASH should take the
 
action from this point. As Mr. Coulter is not available soon enough

for a Jordan assignment, Mr. Seidel will be the only outside consultant
 
contemplated to be provided by WASH for this scope of work. 
En-ineer
 
Jim Cassanos, USAID and Mr. Montanari AID/W/ENGR will complete the 
design review tea.. (Reference C)
 

Note that proposed ETA Jordan for Seidel is March 20. 
 He presently

plans to arrive in Washington, D.C. on March 18th and leave for Jordan
 
via London with Mr. Montanari on the evening of March 19th. In the 
interest of efficient processing and coordination between the many

parties involved, you and I will need to keep in close contact so 
that
 
we both are aware of the latest developments. Should you need any

further documents to enable you toco,tract Mr. Seidel, please let me 
know.
 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan OPTONAL FORM NO.-23- (REV. 7.761 
GSA IrFPMl it1 €'Of'l) 101-11.­

S010-I 12 
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February 3, 1981 

TO: Andrea ?Mbhn, NE/PD 

FM: James Arbuthnot, WASH Project c/o DS/HEA 

SUBJECT: Harris Seidel, Proposed Consultant 
Treatment Guidelines, Jordan 

on Waste1ater 

I asked Mr. Harris Seidel of Anas, Iw-a, on 3 Feb. 1981, by 
telephone, just %hatparts of a possible assignment to develop 
waste water treatment guidelinev. in Jordan he would feel comfort­
able with.
 

The answer %as that he w;ould not want to review in detail plans
for sLage :reatnvent uorks. He wuld prefer not to attempt to 
answer questions as to ubether settling tanks were sized properly, 
or whether filters had the proper media. for instance. 

On the other hand, "61r. Seidel said he w'.ould feel quite comfortable 
providing an overview of plans for sewage treatment works with the 
intent to recommend which types of treatment processes were suitable 
for Jordanian conditions. Rr. Seidel is also accustcmed to make 
studies of financial feasibility for sewerage and se%%-ge treatment 
works ,economic studies, and studies to develope affordable rate 
structures for sewerage. 

Mr. Seidel is available "late in Narch and in April". He would 
not want to spend as much time as four %,eeks in Jordan. Mr. Seidel 
was agreeable to working for Camp Dresser and McKee and the WASH 
Project for $192.70 which is the maximum we can pay. 

On its part Cwtp Dres-,er and McKee, and the WASH Project would be 
willing to provide the services of %r. Seidel to the Jordan ission, 
upon request, and with the approval of DS/IEA, for ADrk similiar to 
that described in the third paragmhof this memo if this is desired 
by the parties.
 

We Would not %antto provide the services of Mr. Seidel in Jordan for 
review of details of designs of sewage treatment works. 

JA:jml 

cc: CIC Task #67 
Victor Wehnan, Project Manager 
Harris Seidel
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ACT:ON AID-35
 

ACT'.CN CFF.CE NEJL-03 
DAN-01


:,IFO N_,'.-? N=OP-32 STA-10 ENGR-02 CH3-C1 RELO-01 


MAST-0, /024 A4 8
 

:NFC OCT-01 *036 w ... .... ... 112266 181432Z /34
.... 


P 1909 4Z CEC 93 
FM ,*EN:1ASSY A mMAN 
TO SCSTA7= WASHOC PR:Z::TY 9254 

UNCLAS AMMAN 08393
 

AZDAC
 

E. 0. 12065: N/A 
SUBJECT: WASTEWATER TREATMENT SYSTEM 

REF: (A) AMMAN 8307. (8) AMMAN 8233 

1. FURTHER TO REFTELS. WE NOTED THAT WE MAY NCT
 

HAVE EMPHAS:Z=Z; SUFF ICENTLY THE RECURE.MENT FOR
 

ASS:STANCE TO ZNCLUCE SC',iEC-NE TiCRCUGiLY
 
VAR:CUE TYPE5 OF TREATMENT
EXPEFRENCED IN ; E AT:NG 


PLANTS FCR CCNSZZNG CPE=AT:C. AND ENVRCNME.NTAL
 
PRC3L=_MS :N JCR,%I. -C;:7, =.;NALLY AFTER aRe:
 

CISCUSS:C,, WITH NPC ON 7.4:5 SU-jECT WE ARE
 

XNCL!-:NE_ TO .RE-EV TE BEST r=CCEZU;E 
 TO FCL-Cw 
" 

IS FCq TE X=E TS. PCSS:=LY AE= ,EVZE, Cc THE
 

EX:ST:Oi FE-AS:B:'.TV STL''::Es. TO CC.\-:E TO JCRCAN AND
 

CCNDUCT A = o , 'E C:SC,S-:C"- C% TZ'5 MAT-E
 
-

WIT H GcJ CCONSULTANTS. OT"E- GO . Av:S 3SENTLY
 

IN JCRDO.N O AL.. C:.--.E- Jo :. C=C:ALS.
 

2. wE APCLOG::E FC- SE.:=:. C Jr PECUES- TO YCU
 

IN WHAT .4AY AF=EAR T SE A !='EE"E!AL FA.%--'CN BUT
 

AS IDEAS CCCUR WE BELEVE IT w:.- BE HELPFUL TO
 

BCTH OF US TO CONVEY THEM TO YCU. VELIOTZS
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3615S AI01216

FACE 01 ISAN O;zlo 111141. O]SSI AI01214 AMMAN 01 3 11AU 
ACTICI AID-)$ A( 3EINiCORSIOEGO. USAIO EL i(V1t TEAT. it TOE 

................................................................ ASISTA-ICE IS TO E PROVIODED. ITNEEDSTO RE PROVIDED 

I-1 N VERY IrI1iOla|l FUTURE. . I&tULOaP*RECIATE 
ACTION CMFICE 1[11 

CR-01 AIOIV C0YTIITS ,1O :UG[.ETIClS. U:AI A..JUES IOU
INFO NEP'o- mtUP-J: IETC-03 STA'i INGR-*2 RELO-01 

AXll-JI MAST-l1 /028 At It CAN REACN CA.ZMA.OS IF IOU VISO DISCUSS AIOiE WIth 

- RI M . VE L I O T E S
 ................................................................-


INFO CdT-It /035 W
 

O 14 I1tt47Z /I
 
................... 


FMI 1 1SSI A. 

TO SECSTA(E UASNOC e;iORITY 9IS1
 

UNCLIS .LAI 9123f
 

AIDAC
 

1.0. 12O"S: N/A
 

SUBJECT: VASIEWATER TREATMENT SYSTEM
 

1. USA- AND NPC NAVE BEEN OISCUSSIIG CN A VERY
 

INFCRM L BASIS TEE NEED A-D VALUE TO C"CISIOER
 

*STA%0.O1IZATIOV O PLANTS AND PROCESSES FOR TlE
 

TREATMENT CF WASTEWATER. AS AiD/W AWARE THERE ARE
 

CELY TWOWASTEVATER TY(T"ENT PLANTS IN JOADAN
 

- AI N AND SALT -.
 

THERE A E A hUr|(R CF PROJECTS UNDER CC4SIDERATIO4.
 

IkCLDIIG FEASISILITY STULIES F0q MAJCR CITIES AND
 

SMALLER IURIL CITIES. NC, =REA. VIC AND OTHERS
 

ORE %2V IN TEE PRCCESS C; REVIEWING THE OESIG4S
 

FCR T6O PLA'TS AiD CCMSISERING !LTER'IATIVES PRESENTED
 

IN VIRICUS fEASISILITT STUDIES. EACH CI:SUL'LIT
 

ECCr!!,E?S A DIFFERENT TYPE OF TREATMENT. SCrL ARE
 

CAPITAL INTENSIVE, NISH TECHn'LCGY, RELATIVELY 14GH
 

CPEPATI^N CD$T (INLIDUlING POVEq COST), OTH4ES
 

MORE SIrLIFI(D EASY TO CPERATE. ALL REEGRTEOLY
 

PROVIDE ;NE SAME CUALITY CF EFFLUENT.
 

RNCV.ECCEARLE PECPLE TO EVALUATE AID PR:VIDE EXPIRT
 

GUIOADCE A30 CPIICM ON ALL OF TEE ALTERNATIVES BEING
 

PRE11iTED TO TE GOJ ARE LIMITEO. THEREFORE. IT
 

MIGHT It CESIRARLE TO PROVIDE ASSISTANCE TO THE GOJ
 

IN TE FCOM CF A STUDY CF THE VARIOUS TYPES CF
 

IREATrINT PLANTS TO ESTALI:H !CrE SCAT OF CRITERIA
 

FOR BEST MEETING THE REQUIREMENT. SIC ULD IIIS NOT
 

BE PRICTICAL,CR EVEN IF IT IS, IT MIGHT It DESIRABLE
 

TO PROVIDE Irz OIATE ASSISTanCE TO GOJ IN CCNSIOERING
 

THE DESIGN AND SELECTION CF VARIOUS PLANTS NOV BEING
 

EVALUATED BY THE GOJ. O IRi0, AQABA,
THESE WJLD INCLUDE 


ZARCA-RUSEIFA AND TE PLANTS BEING RECOMMENDEO IN THE
 

FEASIBILITY STUDIES FOR GREATER AAMIN.
 

2. IN ADDITION TO THE ABOVE PLANTS, THE GOJ IS IN
 

TIE PROCESS CF COSDUCTINIG FEASIBILITY STUDIES Frk
 

FOUR CITIES IN THE SOUTHERN REGION OF JORDAN AND
 

VILL 1E VERY SOON RE:UESTIKG PROPOSALS FOR A STUDY
 

COVERING FIVE CITIES IN THE NCRTN.
 

3. USAIO Vi=IO LINE TO INVESTIGATE WAYS AND MCANS
 

OF PROVIDING SUCH SERVICES SO THAT TNIS SUBJECT CAN
 

IE DiCUSSED FURTHER WITH TNE GOJ. VE BELIEVE THAT
 

TE CONTRACTCR FOR TE -VASN PROJECT' UCULC REMORE
 

APPROPRIATE iN THIS CASE THAN SEEKING ASSISTANCE
 

INRCJGN THE ICC RcJTE. WE RELIEVE IT IS NECESSARY TO
 

ASSIST GOJ TO ACQUIRE SERVICES CF A VERY NIGNLY
 

SALIF'1( ENGINEER AND POSSIRLY FINANCIAL EPERT
 

PARTICULARLY SInCE GOJ IS ITEREST(O IN EVALUATING
 

THE COST Of POR AND OTHER OPERATING COSTS VERSUS
 

CAPITAL COST.
 

4. SINCE PROJECTS MT IE DILAYED WIILE ALTERNATIVES 30 
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APPENDIX B
 

Itinerary
 

Locations Visited in Jordan
 

20 March - Arrived in Amman, Jordan 

22 March - Amman, Ain Ghazal treatment plant 

23 March - Suhweileh, Salt, including treatment plant; 
Shu'eib reservoir; Dead Sea (a tourist stop); 
Karama; Swaileh; Deir Abu Sa'id; Ajloun; Ein 
Janneh; Anajara; Jerash 

24 March - Irbid: Ramtha; Mafraq; Zarqa; Ruseifa 

25 March - Madaba: Karak; Tafileh; Ma'an; Aqaba 

26 M1,larch - Wa-di .usa; Petra (a tourist stop); Shaubak 

28-29 March - Roundtable confe,.ntc with NPC 

29 March - King Talal Reservoir and Dam 

31 March - Review of Z.rqua treatment plant design 

6 April - Departed Jordan 
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APPENDIX C
 

List of Conference Participants (March 28, 1981.
 

Water Supply Corporation (W.S.C.)
 

Said Beno 
Aref Baha - Eddin 
Human Ghuneim 
Erik Berg 

Amman Water Sewerage Authority (AWSA)
 

Ahmed Hadidi
 

Jordan Valley Authority (JVA)
 

Basim Mar'i
 

Natural Resources Authority (NRA)
 

Royal Scientific society (RSS)
 

Hani Shaka'a
 

Arafat Tamini
 

University of Jordan (UOJ)
 

Fuad Hashwa
 
Elias Salameh
 
Gerd Foerch 

Ministry of Agriculture (MOA)
 

Naji fladdadin 
Salem Okour 

Ministry of Health (MOH) Environmental Health
 

,l.ohamad Hussein Dajani 
Nazili Slitlbak 
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Ministry of Municipal and Rural Affairs and the Environment
 

(MMRAE)
 

Engineering Department
 

Lutfy S. Theodossy
 
Ayoub Abdulsalan 
Ali Abu Rabiha
 

Environmental Departrient
 

S. N. Saadallah
 
Sameh Gharaibeh
 

Ministry of Trade and Industry (MTI)
 

Ibrahim Kakish
 
Remon Halfeh
 

USAID
 

Harris F. Seidel (WASH Consultant) 
F. W. Montanari (Vashington)
 
Thomas A. Pearson 
J.G. Cassanos
 
Albert Karian
 
Larry Brown
 
Edgar C. Harrell 
Erick C. Harrell
 

Foreign Consultants:
 

VBB-Sweco
 

Kenneth Marelius
 
Bengt Froeman
 
Anders Gronvall
 

James M. Montgomery
 

Edward Shamieh
 

Malcolm Pirnie
 

Walter T. McPhee
 
Martin Daly 
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Local Consultants: 

Consulting Engineering Center (CEC) 

Aziz Abdo Sajdi 

Mimar Consulting Engineers P Architects 

Onar Nashashibi 

Jouzy & Partners Consultants 

Najeeb F. Tleel 

National Planning Council (NPC)
 

Boulos Kefaya
 
Hussein Shafa'amri
 
Ferdose Shalibaz
 
Reem Bsiso
 
Sverker Skans
 

(Total of 44 participants the first day)
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List of Conference Participants (March 29, 1981)
 

Water Supply Corporation (W.S.C.)
 

Said Betio
 
Aref Baha - Eddin 
Ifunan Ghuneim 
Erik Berg 

Amman Water Sewerage Authority(AWSA)
 

Ahned Iladidi 

Jordan Valley Authority (JVA)
 

Basim Mar'i 
Maher Shihabi 

Roya'l Scientific Society (RSS)
 

{'i. ij Shaka'a 

University of Jordan (UOJ) 

Fuad Hashwa
 
Eli.ts Salameh 
Gerd Foerch 

Ministry of Agriculture (MOA)
 

Naji Haddadin
 

Ministry of Health (MOH)
 

Mohamad Hussein Dajani 
Nazih Shalbak
 

Ministry of Municipal and Rural Affairs and the Environment
 
(MMRAE) 

Lutfy S. Theodossy 
Ayoub Abdulsalam 
Sameh Gharaibeh 
Ali Abu Rabiha 
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Ministry of Trade and Industry (.MTI)
 

Ibrahim KakLsh 
Remon Halfeh 

ZX3A II) 

Harris F. Seidel (WASH Consultant)
 
F. IV. Montanari (Washington)
 
Faud Salabi
 
Aied Sweis
 
bL.:Ilah Ahmad
 

Thomas A. Pearson
 
James G. Cassanos 
Albert Karian 
Larry Brown
 
Edgar C. 'Tarrell 

Foreign Consultants:
 

VBB-Sweco
 

Kenneth Ma'elius 
Bengt Froman 
Anders Gronvall 

Malcolm Pirnie
 

Walter T. McPhee 
Martin Daly 

Local Consultants:
 

Mimar Consulting Engineers & Architects
 

Onar Naslashibi 

Jouzy & Partners Consultants
 

Najeeb F. Tleel
 

Sigma Consultants
 

Suleinan Tashmen 
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National Planning Council (NPC)
 

Boulos K--'tyz 
Hussein Si'afa'a'-
Sverker Skans 

(Total of 41 participants the second day)
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